The classification of a gram-negative rod as a haemophilus rests on the demonstration of certain growth factor requirements. Classically, these have been codehydrogenases (V-factor) or iron porphyrins (X-factor), or both. Lwoff (1938) and Lwoff and Lwoff (1937) O'Callahan (1953) demonstrated a direct relation between the nitratereducing activity of Haemophilus inftuenzae and the abundance of porphyrin in the growth medium. They also showed that nitrate reduction as well as catalase activity varied with the kind of porphyrin provided in the medium. We found no other reports on the utilization of the accessory factors required by the genus Haemophilus.
The classification of a gram-negative rod as a haemophilus rests on the demonstration of certain growth factor requirements. Classically, these have been codehydrogenases (V-factor) or iron porphyrins (X-factor), or both. Lwoff (1938) and Lwoff and Lwoff (1937) established the nature of these growth factors and inferred their functions in Haemophilus species from their known roles in other microbial systems and animal tissues, but direct studies of the function of either metabolite in Haemophilus species are rare. Smith, Hale, and O'Callahan (1953) demonstrated a direct relation between the nitratereducing activity of Haemophilus inftuenzae and the abundance of porphyrin in the growth medium. They also showed that nitrate reduction as well as catalase activity varied with the kind of porphyrin provided in the medium. We found no other reports on the utilization of the accessory factors required by the genus Haemophilus.
The present work grew out of efforts to identify the growth factor requirements of a number of haemophilus-like organisms recovered from animals. It was established that all the isolates grew only when furnished a codehydrogenase or its mononucleoside derivative. No requirement for iron porphyrins could be demonstrated by conventional methods. As reference standards, a number of strains of H. influenzae, which are looked upon to require iron porphyrins as well as codehydrogenase, were also cultured on the same test media. These grew more luxuriantly on the porphyrin-containing cultures, but moderate growth was obtained consistently in six of seven cases on media lacking such enrichment. The one clear-cut difference between cells grown on heminsupplemented and unsupplemented infusion agar was that the former showed vigorous frothing on addition of hydrogen peroxide but the latter showed none. We therefore decided to measure the catalase activity of cells grown with graded amounts of hemin. The cells for catalase determination were grown on proteose peptone agar in Roux bottles. V-factor was supplied in the form of diphosphopyridine nucleotide (DPN) (Sigma) at the rate of 1 ,ug per ml or by adding to four parts of proteose peptone agar one part of filtrate from the culture of a pseudomonad that had been shown to excrete a substance with DPN-like activity (Shifrine and Biberstein, 1960) . Each strain of Haemophilus was inoculated on five sets of media respectively containing 0, 1, 10, 50, and 100 ,ug of hemin per ml of medium. The stock hemin solution was prepared by dissolving 50 mg in 1 ml of triethanolamine (Eastman Kodak) and making further dilutions in distilled water. Both the V-factor supplement and the hemin were sterilized by filtration and added to the autoclaved basal medium.
The Roux bottles were inoculated with saline emulsion of cells and the inoculum distributed over the agar surface by means of sterile glass beads. Incubation, at 37 C in an atmosphere of 10 to 15% carbon dioxide, continued for 24 to 48 hr, depending on the growth rate of a particular strain. After appropriate purity checks, cells were harvested and washed in S0rensen buffer, pH 7.0, and the optical density of the suspension was adjusted to 10 X 0.32 at 700 m,u on the Spectronic 20 (Bausch and Lomb) spectrophotometer. A portion of this suspension was autoclaved 15 min at 121 C for use as a control.
Catalase activity was measured by gas evolution in the Warburg apparatus. Substrate, made up freshly each day, consisted of 1.15 N hydrogen peroxide, prepared by bringing 3.25 ml of 30% hydrogen peroxide (Superoxol, Merck) up to 50 ml (Huddleson, 1943) . Two-tenths milliliter of this solution was further diluted with 3 ml of neutral S0renson's buffer in the main compartment of the manometric flask. One-half milliliter of the standardized bacterial suspension-live or autoclaved-was added to the mixture at the proper time. Tests proceeded at 37 C for 10 min, and readings were made at 60-sec intervals or more frequently, depending on the activity of the preparation.
RESULTS
The catalase activity of the 14 haemophilus cultures is recorded diagrammatically in Figs. 1 and 2. In view of the scale of the reaction in positive samples, values of less than 5 ,ul are omitted. The few negative values were always less than 10 Mul and considered of no significance.
In the controls the highest reading was 19 ,ul, and values higher than 10 Mul were exceptional.
They were ascribed to intracellular hemin, which acts as a slow catalyst in the decomposition of hydrogen peroxide. Preliminary tests on living cells without substrate revealed that no oxygen uptake to any degree that would interfere with measurement of gas evolution occurred during the time of the experiment.
The recorded measurements revealed that catalase activity increases in the seven strains of H. influenzae as the hemin content of the medium is raised. Quantitative variation in this response 1961] (Pickett and Stewart, 1953 type not all strains respond equally to hemin additions in terms of catalase activity, and in some hemin merely affects catalase activity, whereas in others it is a growth requirement as well.
From the data it is unlikely that the main function of hemin in a hemin-requiring strain is catalase synthesis, since all strains grew well at levels at which no catalase activity was detectable. On the whole even the maximal catalase activity observed was modest compared to that of other microorganisms. Our protocol, particularly as to time, temperature, and density of bacterial suspension, would be quite unsuitable for most catalase-positive bacteria, as Brucella species, in which instantaneous explosive reactions took place under these conditions. Smith et al. (1953) suggested that one of the present criteria of H. influenzae, the X-factor requirement, is probably not as clear-cut as commonly accepted, and that a gradient exists from completely X-factor-dependent to independent strains. The information reported here certainly tends to support this view.
